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THE PERCENTAGE OF TAPERED FIBRIL ENDS IN SKIN COLLAGEN FROM
CASES WITH AND WITHOUT "COLLAGEN DISEASE"
Many methods have been used in an effort to elucidate any change that may
occur in collagen plus ground substance in the group designated "collagen
disease." The electron microscope furnishes fine morphological detail, and
it was hoped that a correlation could be established between the configura-
tion of the collagen fibril ends and the type of disease, which would shed
light on the processes involved. Banfield1 has already shown that the num-
ber of fibrils with tapered ends, in contradistinction to those with square or
broken ends, is increased where collagen is apparently being actively formed
(embryonic human tissue and mesenchymal neoplasms). The possibility of
similar collagen activity in diseases of the connective tissue prompted the
present study.
The abdominal skin collagen from 104 individuals (20 from biopsies and
the remainder from autopsies) with and without collagen disorders were
examined under the electron microscope, and the percentage of tapered to
total fibril ends determined.
MATERIALS AND METHODS
Abdominal skin from the left upper quadrant obtained from biopsy or autopsy was
stored unfixed in the frozen state. After thawing, 90-120 mg. (wet weight) of dermis
was minutely dissected from epidermis and subcutaneous fat and homogenized in
150 ml. demineralized water in a Waring blender in the cold room for 15 minutes. The
final temperature of the solution was 300 C. or less in each case. The cup was washed
out with an additional 20 ml. of demineralized water and drops taken from the resulting
suspension with standard Kimble glass melting point capillary tubes, a fresh tube being
used for each specimen. The drops were placed on collodion-covered 200 mesh Cu-Ni
electron microscope grids, allowed to dry, washed for 15 minutes in demineralized
water, shadowed with palladium, and examined in the RCA Model EMU 2A electron
microscope. Duplicate grids were scanned and the number of tapered and square or
torn fibril ends were counted and recorded on a differential blood count adding
machine. Fibril narrowings and tactoids (short lengths of collagen fibrils tapered at
both ends) were also recorded, the latter being counted as two tapered ends in the
calculation. Consecutive fields were carefully examined and 200 or more non-tapered
ends were counted per grid, making a total of 400-450 fibril ends per sample of skin.
* Arthritis and Rheumatism Foundation Research Fellow.
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In a few cases the collagen was scanty, so that only 100 or more ends could be counted
per grid. Specimens obtained from 104 different individuals were examined.
Owing to insufficient skin, the dermis of a few specimens weighed only 50-90 mg.
However, preliminary investigations on different weights of the same autopsy dermis
showed no significant alteration in the counts obtained from a fairly wide variation in
TABLE 1. AVERAGE % TAPERED TO TOTAL COLLAGEN FIBER ENDS (SEE TEXT).
THIRTY-TWO CASES OF "COLLAGEN DISEASE" AND 72 CASES
DYING FROM OTHER CAUSES
Disease causing death
Dermatomyositis
Scleroderma
Spondylitis
? Polyarteritis nodosa
Diss. lupus erythematosus
Rheumatic fever
Rheumatic heart disease
Rheumatoid arthritis
Prematurity and stillbirth
Congenital defects
Leukaemia and lymphoma
Cardiovascular disease
C. N. S. disease
Neoplastic disease
Icteric cases*
Infections
Miscellaneous
Accident
No. of
cases
"Collagen diseases"
1
1
1
1 7
1
8
12
"Non-collagen diseases"
6
12
7
14
2
6
8
2
7
8
* The icteric cases included carcinomata of the pancreas, gall bladder, and ampulla of
Vater, impacted gallstone, hepatic cirrhosis, and a lymphoma involving the pancreas
with jaundice.
wet weight (60-120 mg.) and blending time (5, 15, and 30 minutes). By using a
measured volume of water and standard-width capillary tubing throughout, variations
in suspension concentration and deposition of fibers on the capillary walls were kept to
a minimum.
RESULTS
1. Quantitative. As shown in Tables 1 and 2, there was no significant
difference in the per cent of tapered to total (i.e., tapered and square or
528
Average
reading
2.9
6.8
4.8
5.4
3.1
4.2
3.2
3.6
4.9
3.8
3.8
4.0
4.7
3.6
4.7
4.2
3.6
3.8
Extreme
readings
. ... . . ...
1.0-7.1
.......
1.0-5.0
1.0-5.2
1.5-11.2
1.4-7.8
1.5-8.2
1.5-8.0
4.1-5.3
2.8-4.0
1.5-6.6
1.9-6.6
1.2-5.7
1.9-5.6
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torn) fibril ends regardless of age, type of disease, disease activity or
therapy. All readings fell between 1 and 8% except for one premature still
birth which was 11.2%. The samples from three other premature infants
contained 1.5, 3.7, and 4.9% tapered ends respectively. All cases except one
over the age of 50 years gave readings above 3%o. Examples of "collagen
disease" gave counts similar to those from individuals dying from a variety
of causes. Samples from cases with active rheumatoid arthritis with acutely
inflamed joints and fulminating rheumatic heart disease did not differ sig-
nificantly from others with subacute or inactive rheumatoid arthritis or
TABLE 2. AVERAGE READINGS BY DECADES (SEE TEXT). THIRTY-TWO CASES
OF "COLLAGEN DISEASE" AND 72 CASES DYING FROM OTHER CAUSES
under Age in years
1 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90
"Collagen diseases"
No. of cases .. 1 2 7 6 6 8 1 1
Average Reading .. 2.9 3.0 2.8 3.6 4.3 3.6 5.4 5.0
"Non-collagen diseases"
No. of cases 15 10 3 8 4 7 7 8 7 3
Average Reading 4.7 3.5 3.6 2.6 3.5 3.1 4.4 4.4 5.0 5.1
long-standing rheumatic cardiac decompensation, in respect to the relative
number of tapered ends. Concurrent treatment with cortisone, ACTH,
phenylbutazone, or aspirin did not produce any significant alteration in the
result.
One case of acute pancreatitis and three cases of diabetes mellitus of
11-20 years' duration were included in the "miscellaneous" group in Table
1, and a carcinoma of the pancreas without jaundice was put in the "neo-
plastic" group. The icteric cases included carcinomata of the pancreas, gall
bladder, and ampulla of Vater, impacted gallstone, hepatic cirrhosis with
and without pancreatitis, and a lymphoma involving the pancreas and pro-
ducing jaundice. However, all of these pancreatic conditions (inflammation,
new growth, atrophy, or fibrosis) gave similar quantitative results.
A few specimens, examined shortly after removal, had been kept at 40 C.
only. These gave identical morphology and similar counts to the majority
of specimens which had been stored frozen for 1-12 months. One man aged
22 years died with acute rheumatic heart disease. Comparison of counts
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made from biopsy skin within a week of death and autopsy skin from the
same region, showed no significant difference (2.5 and 1.4%o respectively:
a total of 620 square ends recorded). One nine-year-old boy dying of
dermatomyositis gave a count of 2.9% in macroscopically normal abdominal
skin and 4.2%o in rash-bearing skin from the upper outer chest (a total of
705 square ends recorded).
2. Qualitative. Although the various pancreatic conditions listed above
gave similar quantitative results, nearly all cases exhibiting jaundice, from
whatever cause, showed a qualitative change in the type of tapered end.
These ends were long and filamentous (Fig. 1) and occurred in seven out
of the eight icteric individuals. Similar filamentous fibril ends were also
seen in seven non-icteric cases of predominantly connective tissue disease:
one adult with scleroderma, one with disseminated lupus erythematosus,
one with multiple sclerosis, and one with chronic rheumatic heart disease;
an eighteen-year-old boy with acute rheumatoid arthritis, a seven-year-old
child with acute leukaemia, and a month-old baby dying of congenital
heart disease.
Table 3 analyses the cases showing fibril narrowings and tactoids (short
lengths of collagen fibrils tapered at both ends) noted during the examina-
tion. Samples from 28 individuals of all ages and suffering from a variety of
conditions exhibited these changes which are identical with those found fol-
lowing the action of collagenase and trypsin on collagen in vitro' (Fig. 1).
It so happened that seven of these 28 cases also had filamentous fibril ends,
being part of the total recorded above that showed this qualitative change.
Two of the individuals with the greatest number of fibril narrowings (one
with carcinoma of the pancreas and one with carcinoma of the gall bladder)
were both icteric.
3. Epidermis. In two cases (aged 62 and 75 years) the epidermis
remaining after dissection of the dermis (including the attached papillary
layer of the dermis) was treated in the same way and duplicate grids were
counted. The percentage of tapered ends was seven and four, respectively,
and did not differ significantly from the results found in the true dermis
from the same samples of skin. Four fibril narrowings seen in the first and
one in the second case were identical to those listed in Table 3.
DISCUSSION
Banfield1 showed that the number of collagen fibrils with tapered ends
was greater in sites where collagen was apparently being actively formed
(embryonic human tissue and mesenchymal neoplasms) than in adult
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FIG. 1. Top: Collagen fibril showing fibril narrowings and a tprdedfrom the abdominal
skin of an icteric 74-year-old man dying of carcinoma of the gall bladder. Palladium shadowed.
x18,500
Bottom: A filamentous fibril end from a 49-year-old man dying of chronic rheumatic heart
disease. Palladium shadowed. x 28,000Percentage of tapered ends in collagen I KEECH
"resting" connective tissue. Recent quantitative studies' have shown a very
high percentage of tapered ends in the fibrils of skin of young human
embryos. This decreases markedly by the time of birth. In the present study
(Table 2) the average reading for 15 babies under the age of one year was
4.7%'o. Recent calibration studies of fibrils from embryonic skin' and
Achilles tendon' show that the fibrils are narrower in embryos and babies
than in adults. This was confirmed by direct observation. Although the
grids to be examined had been labelled anonymously by another individual,
collagen from infants and young children could be easily recognized by the
higher magnification required for fibril counting as well as by the greater
quantity of amorphous material present. This increase in amorphous mate-
rial (ground substance) in preparations of infant as opposed to adult skin
has been noted by Gross' and Pahlke.' In the present investigation it
appeared to cause clumping and looping of the collagen fibrils so that the
fiber ends were scanty in the presence of plentiful collagen. This fact might
possibly produce a falsely low count in children under five, although it is
difficult to prove that tapered ends are more liable to be obscured than cut
or torn ends.
Collagen is the principal extra-cellular fibrous protein occurring in the
connective tissue of higher animals, forming 20-30% of the total body pro-
tein. In spite of bearing the brunt of the attack in the varied disorders
termed "collagen disease," demonstration of altered collagen fibrils from
affected areas by electron microscopy has proved difficult. However,
changes in senile elastosis and some rare skin conditions were reported by
Tunbridge,' and Rich' recently described markedly abnormal collagen fibrils
in rabbit skin at the site of experimentally produced local anaphylactic
lesions of the Arthus type. Stoughton and Lorincz7 produced evidence that
normal serum albumin has a definite anti-collagenase action as measured
histochemically in acetone-fixed sections of human skin, using filtrates of
Cl. welchii Type A. This anti-collagenase activity was confined to the albu-
min fraction, was destroyed by heat, and was decreased in one case of der-
matomyositis and three patients with subacute lupus erythematodes as
compared with sera of five normal adults. It is suggested that this decrease
might be quantitative rather than qualitative, due to the well-known low-
ered serum albumin in these diseases. However, the authors, in attempting
to explain the significance of this anti-enzyme action, postulate that in
disease there is an imbalance of a normal collagenase- anti-collagenase
equilibrium. As yet, no human or animal source of collagenase has been
demonstrated, but previous work' suggested the presence of an enzyme
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"contaminant" associated with highly purified trypsin* obtained from
bovine pancreas. This "contaminant" acted on human skin collagen giving
the same electron microscope picture as collagenase. Further evidence that
people of all ages possess some substance in the dermis capable of altering
TABLE 3. ANALYSIS OF FIBRIL NARROWINGS AND TACTOIDS SEEN IN 28 OF
THE 104 CASES EXAMINED (SEE TEXT)
P.M. No. Age
10,035
9700
10,019
10,070
St.F. 53-118
B. 53-113
H.H. 8231
D.C. (B)
H.H. 8190
N.J. (B)
H.H. 8196
A.G. (B)
M. 83-53
10,026
10,031
G.S. (B)
10,098
L.G. (B)
9775
M.H. (B)
10,029
10,179
10,082
9905
9771
10,105
10,030
9910
NB
NB
1D
2D
13 M
7
11
18
22
25
27
41
41
49
49
49
51
51
54
57
58
67
69
69
70
72
74
86
Diagnosis
Prematurity
Stillbirth
Multiple congenital deformities
Congenital heart
Acute leukaemia
Acute leukaemia
Infectious neuronitis
Acute rheumatoid arthritis
Accident
Rheumatic heart disease
Brain tumor
Subacute rheumatoid arthritis
Idiopathic myocarditis
Rheumatic heart disease
Lymphocytic lymphoma
Scleroderma
Ruptured aortic aneurysm: hypertension
Subacute rheumatoid arthritis
Cirrhosis and jaundice
Acute rheumatoid arthritis
Multiple sclerosis
Coronary thrombosis
Coronary thrombosis
Ca. of pancreas without jaundice
Diabetes mellitus for 11 years
Hypertension
Ca. of gall bladder with jaundice
Ca. of pancreas with jaundice
FN T E
1 .. 306
1 .. 432
1 .. 313
2 .. 416
1 .. 214
1 .. 404*
1 .. 404
1 .. 416*
1 .. 408
1 418
1 .. 412
1 1 408
2 .. 400
1 .. 414*
1 1 433
1 .. 420*
2 1 406
1 422
1 .. 310
1 .. 435
1 440*
1 .. 452
1 1 411
4 .. 405
1 .. 301
2 1 412
6 2 401*
3 .. 408*
FN-fibril narrowings
NB-newborn D-days
T-tactoids E-number of square ends counted
M-months (B)-biopsy *-filamentous fibril ends
* "Enzar" (three times crystallized and purified trysin, Lot No. R550-13A) kindly
supplied by the Armour Laboratory Research Department. They state that it is
dialyzed salt-free and does not exhibit chymotryptic, ribonuclease, or desoxyribo-
nuclease activity. The method of preparation should preclude the presence of amylases,
lipases, and carboxypeptidase, but it is possible that some peptidases may be present.
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collagen is provided in the present study. One-quarter of the total cases
examined exhibited fibril changes identical with those produced by the
action of collagenase and trypsin' (Table 3 and Fig. 1). These changes were
far less frequent than those found even when using very low concentrations
of collagenase, and probably would not have been noticed except for the
detailed search at high magnifications required for this study.
Although the various pancreatic conditions included in the icteric, neo-
plastic and miscellaneous groups in Table 1 (as listed under Results) were
not associated with any quantitative morphological alteration in the collagen
of abdominal skin, a qualitative collagenase-like change was noted in seven
of eight cases with jaundice, from whatever cause. The fibril ends recorded
as "tapered" were either very long and sharply pointed or filamentous in
type (Fig. 1). It is of possible significance that seven of the 28 cases listed
in Table 3 as showing tactoids (short lengths of collagen fibrils tapered at
both ends) and fibril narrowings also possessed filamentous fibril ends, and
two of the individuals with the greatest number of fibril narrowings were
both icteric.
Banfield's findings' of increased numbers of tapered ends where collagen
is apparently being actively formed led to the hope that similar evidence of
collagen activity might be demonstrated in diseases of the connective tissue
and prompted the present study. However, this was based on the assump-
tion that collagen throughout the body reacted as a single target organ and
was equally affected by any possible collagenase- anti-collagenase imbalance.
The methods used in this investigation were especially designed to keep the
collagen unaltered and as near as possible to the condition found in vivo.
The results show that abdominal skin collagen does not reflect the state of
the collagen in other anatomical areas, the morphological appearance and
number of tapered ends being the same in individuals suffering from both
acute and chronic connective tissue disease and in those dying from a vari-
ety of other causes. Similarly, there was no difference with age. This does
not in any way preclude enzymatic imbalance as a cause of collagen disease,
as the areas containing the largest amount of collagen (synovial membrane,
endocardium, tendons, etc.) plus mechanical wear and tear (joints, heart
valves, and tendons over bony prominences) might be expected to receive
the brunt of attack by any available uninhibited collagenase (perhaps
hastened by local chemical alterations, change in tissue fluid pH, etc.),
whereas the rarely involved abdominal skin might never show any change.
Also the use of tapered ends as a morphological "index" of collagen activity
may not be sufficiently sensitive to reflect alterations in collagen and/or
ground substance metabolism, or in a possible soluble collagen precursor.
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It was interesting that a similar percentage of tapered ends and fibril
narrowings was found in the papillary layer of the dermis (attached to the
epidermis) of two cases. This confirms Banfield's findings' that tapered
ends are not strictly limited to one anatomical area of the body.
SUMMARY
The collagen from the abdominal skin of 104 individuals with and
without so-called "collagen disease" was examined under the electron
microscope, and the number of tapered fibril ends was determined and com-
pared with the number of square or torn ends found in the same sample. At
least 400 non-tapered ends were counted on duplicate grids prepared from
each specimen, a total of 39,914 non-tapered ends being recorded on the
adding machine. No significant difference in the percentage of tapered ends
was found with age, type of disease, disease activity or therapy, all readings
falling between 1 and 8%o.
One-quarter of the individuals exhibited minimal changes identical with
those found following the action of collagenase and trypsin on collagen in
vitro. This suggests the possible presence of some substance in the dermis
of people of all ages capable of altering collagen. Very long filamentous
fibril ends were found in most cases of jaundice (from whatever cause) and
seven others, of whom five had disorders of the connective tissue.
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